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Large scale geothermal resource interconnection to the existing Australian electricity grid requires a long 
transmission line and high capital investment. This connection will also considerably change the power 
flow pattern, network security planning and market operation aspects. While looking at these issues, this 
study comprehensively identifies the regulatory, economic and technical challenges of transmission in the 
context of Cooper Basin geothermal connection. A brief overview of the connection cost allocation 
policies is presented and implemented in the Cooper Basin geothermal power transmission. The optimal 
power flow analysis of the Queensland electricity network is performed considering the Cooper Basin 
connection, which shows the potential of the project considering emission cut and increased net market 
benefit. This study also simulates Queensland electricity network with three other large scale renewable 
generation projects, namely Copper String, Kennedy Wind Farm and PNG hydro. Simulation study 
confirms that the commencement of Cooper Basin project attains higher power injection and expected 
benefit with lower amount of estimated costs. This is because of the large amount of cheap geothermal 
power penetration to the area near South East Queensland, where load (61%) is significantly higher than 
the generation (9%). 
Keywords: geothermal power, transmission challenges, connection cost allocation, net market benefit, 
cost recovery, Queensland electricity network 
Introduction 
Modern power system planning approaches are notably prejudiced by renewable portfolio development 
and emission pricing employment. Conventional generation resources inherently cause emission, and 
intermittent renewable resources suffer from the uncertainty of supply, higher footprint and price 
competitiveness. Bridging the gap of conventional and intermittent generation technologies, geothermal 
resources can maintain secure, sustainable, reliable and economic power supply. Geothermal energy has 
a considerable potential to penetrate to the Australian National Electricity Market (NEM) as an emission 
free, price competitive and base load electricity. Apparently the largest ‘geothermal power zone’ is located 
in the Cooper Basin area, which is around 1000 km away from major load centers. A long distance high 
capacity transmission line is required to connect this geothermal power to the existing electricity grid.  
In this perspective, in the Queensland Geothermal Energy Centre of Excellence at the University of 
Queensland, Brisbane, the power transmission program addresses the issues of transmission planning to 
connect geothermal power plants to the national electricity grid. Based on this research, one journal 
paper has been published and two other journals are under review [Hasan et al., 2012b; Hasan et al., 
2012c; Radzi et al., 2012]. Five national and international conference papers have also been published in 
this topic [Eghbal et al., 2011; Hasan et al., 2011a; b; c; 2012a]. Selected summary of those works is 
presented here for the Australian Geothermal Energy Conference 2012 audiences.  
This research particularly investigates the Cooper Basin geothermal connection to the Queensland 
electricity grid, specifically looking at the transmission cost borne by generation developers and net 
market benefit obtained by geothermal power connection. A case study of the Queensland electricity 
network is simulated with ‘Powerlink Queensland’ power system (PSS/E) data considering Cooper Basin 
and few other connections to the Queensland network.   
Challenges of Long Distance Bulk Power Transmission  
One disputable aspect of the transmission planning is that which comes first. Is it generation or 
transmission? Also, a long distance transmission faces the problem of first mover disadvantage. 
[Chattopadhyay, 2011; Swider et al., 2008]. Another fundamental challenge in the Australian NEM 
jurisdiction is to endure the Regulatory Investment Test for Transmission (RIT-T). Achieving the 
economies of scale is also challenging in different market scenarios. Further, a remote generation project 
has to compete with grid-nearby conventional generation sources. Investment cost allocation and cost 
recovery also jeopardize the long distance transmission planning domain. [Chattopadhyay, 2011].  
In case of the Cooper Basin geothermal project, a number of 50MW and/or 100MW generators will be 
dispersed in few hundred kilometers area. Fig.1 depicts the connection arrangements for such 
transmission facilities [Hasan et al., 2011a; Hasan et al., 2012b; Radzi et al., 2012]. The technology 
(HVDC or HVAC), voltage level and network configuration will depend on the amount of generation, 
possibility of staged development and/or tapping in the transmission corridor.  
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Fig.1 Dispersed geothermal generators will be connected to a collection system and then transfer the power over a 
high voltage line to be connected to the main grid. (A) A connection scheme when the network operators build high 
capacity transmission line. (B) The hub approach of network connection, where the network operators significantly 
share the cost burden and the risk of stranding assets with generation developers [Hasan et al., 2012c]. 
Transmission cost allocation for Long Distance Bulk Power Transmission  
Transmission connection cost allocations are generally classified as super-shallow, semi-shallow, shallow 
and deep connection pricing. The connection cost allocation policy are adopted from the European RES-
E (Renewable Energy Resources for Electricity), as shown in Fig.2 [Swider et al., 2008].  
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Fig.2 Connection cost allocation for long distance bulk power transmission. In the super-shallow scheme, renewable 
generators are responsible only for the generation development. The market operator builds the transmission line up 
to their premises. In the semi-shallow policy, there is a provision to divide the grid-integration cost among generators 
and consumers. The proportion of connection cost for generation developers and/or consumers depends on their 
negotiation with the market operators. Further, in shallow connection scheme, the connection charge has to pay fully 
by the connecting generators. In the deep charging policy, generators are responsible to pay for grid connection 
costs as well as grid reinforcement costs.  [Swider et al., 2008]. 
Net Market Benefit 
The net market benefits have been calculated for transmission upgrades to compare against the 
expected costs. Firstly, an hourly optimal power flow (OPF), in MATLAB-based MATPOWER simulation, 
calculates the power flow and market dispatch. Then by aggregating the benefits underlying this 
flows/dispatch– the net market benefit has been obtained. The detail of the net market benefit framework 
is found in [Hasan et al., 2011b]. The net market benefit consists of the surpluses obtained by producers, 
consumers, and merchandisers.  Net market benefit also accumulates the carbon emission tax and 
Large-scale Renewable Energy Target (LRET) payment, as defined in the Australian NEM. The objective 
function of a yearly net market benefit is formulated as below,  
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Where, t  is the time span (hour), gn is number of generator set, dn  
is number of load set, igp is power 
produced by generator i (MW), ig  
is Locational Marginal Price (LMP) at generator bus i ($/MWh), ig is 
generation cost of generator i ($/MWh), idCS is consumer surplus earned by consumer i  ($), 
'i
dCS  
is 
consumer surplus before augmentation ($), idp  
is the power consumed by load i (MW), id  
is LMP at load 
bus i ($/MWh), iE  
is the amount of 2CO produced by generator i  (ton), 2CO  
is emission cost ($/ton 2CO ), 
i  
is renewable generation from generator i (MW),   is LRET payment ($/MWh). 
Queensland Case Study – Long Distance Bulk Power Transmission 
Network data 
Queensland network of the Australian NEM is simulated in this study. This network is 1700km long, 
having a generation capacity of 12,788 MW in 2010, which is forecasted to be 15,500MW in 2015 
[PowerLink, 2011]. Queensland network area with different zones is shown in Fig.3.a and b.  
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Fig.3.a Queensland network of the Australian NEM 
[PowerLink, 2011]. Location and type of existing and 
prospective generation resources are shown here. 
Prospective generation resources are located far 
away from the grid. Consequently, transmission 
system development for prospective generation will 
be challenging due to the long distance line and high 
capital investment. 
Fig.3.b Different zones of the Queensland network – 
North (NQ), Central (CQ), South-East (SEQ), and South-
West (SWQ) [PowerLink, 2011]. The CQ zone has the 
highest (43%) percentages of generation, followed by 
SWQ (42%), SEQ (9%), and NQ (6%). In contrast, SEQ 
zone has the highest (61%) ratio of load. The share of 
load for CQ, NQ, and SWQ are 22%, 14% and 3%, 
respectively. 
Projects to be connected  
Four long distance transmission projects are evaluated in this study. Table 1 presents the amount of 
generation, distance and zone of projects. A brief overview of the projects is given below.  
Table 1 Overview of the large scale renewable projects to be connected to the Queensland network  
Project Generation (MW) Transmission line (km) Area Zone 
Copper String 400 720km overhead line Ross NQ 
Cooper Basin 2000 1000km overhead line Bulli SWQ 
Kennedy Wind Farm 700 300km overhead line Ross NQ 
PNG Hydro 1800 250km cable +1200km OH Far North NQ 
Copper String project [CopperString, 2012]: It will be connected from Mount Isa of North West 
Queensland to the Townsville of the existing network. It is designed for 400MW with a length of 720 km. 
Construction work is scheduled to start in late 2012, and the project completion date is early 2015.  
Cooper Basin Geothermal [QGECE, 2010. ]: The potential connection point from Cooper Basin is the 
Western Downs in the existing grid. In this case study, transmission capacity is considered as 2000MW. 
As reported by the Geodynamics, construction and commissioning of a 25MW commercial demonstration 
plant is scheduled for 2015. 
Kennedy Wind Farm [Windlab, 2012]: The Kennedy Wind Farm Project is located in Hughenden, 
approximately 290 km South-West of Townsville. The transmission capacity is estimated at around 700 
MW through a 290 km transmission line. Approval was sought for this project in late 2011, construction is 
scheduled from 2012 and commercial operation is expected from 2014. 
PNG Hydro: The PNG Hydro project is expected to generate 1,800MW hydro power in Papua New 
Guinea (PNG). This power will be transmitted to the existing Australian NEM grid. 250 km subsea cable 
and 1200 km overhead transmission line is designed to transfer this power to the far north Queensland.  
Results and analysis 
Optimal power flow results and economic analysis are presented in this section. Connection cost 
allocations, net market benefits and impacts on the existing network have been discussed below. 
Connection costs 
Table 2 presents the connection costs for different projects according to different cost allocation schemes. 
There is no cost burden on renewable generators according to the super-shallow cost allocation policy. 
The transmission infrastructure is built by the Transmission Network Service Provider (TNSP) and further 
the cost is socialized among consumers. The semi-shallow policy divides the transmission connection 
cost between producers and consumers. This methodology offers a platform for negotiation between the 
generation developers and TNSPs. A 50-50 cost sharing scheme is implemented in this study. However, 
in a real life scenario, this proportion can be any percentage based on the agreement among market 
participants. Further, according to the shallow cost allocation policy, the connection cost is borne by the 
generators. This is the usual generation connection policy in the Australian NEM. Under the current 
Australian scheme, remote renewable generation developers of the CS, CB, KWF and PNG are 
responsible for paying few billion dollars for network integration. This arrangement of high connection cost 
eventually can delay or defer the long distance renewable power integration to the grid [Hasan et al., 
2012b].  
Table 2 Connection cost allocation for different projects through different schemes 
 Transmission investment (m$) 
 Super-shallow / SENE Semi-shallow / 
SENE HUB 
Shallow / current NEM 
policy 
Deep 
Copper String (CS) 0 550 1100 1200 
Cooper Basin (CB) 0 1350 2700 3000 
Kennedy Wind Farm (KWF) 0 400 800 900 
PNG Hydro (PNG) 0 1600 3200 3600 
Net market benefit 
The net market benefit is obtained from the optimal power flow of the Queensland network and by 
equation (1). The main contribution of the net market benefit comes from the consumer benefit, emission 
tax and LRET payment. The net market benefit also depends on the power dispatch, power flow and 
power demand in different areas of the network. Fig. 4 shows the net market benefit and annual required 
revenue (ARR) of the considered projects [Hasan et al., 2012c].  
 
Fig.4 Net market benefit and ARR of the four long distance power transmission projects. The market benefit of 
Copper String, Cooper Basin, Kennedy Wind Farm and PNG hydro project overcomes the annual required return on 
capital from the year 2016 and thereafter. Overall the Cooper Basin project offers maximum net benefit, followed by 
the Kennedy Wind Farm project. 
Impact on the existing network 
The impact of four projects on the network in terms of power injections, expected benefits and estimated 
cost burdens are shown in Table 3. The injected power and expected benefits are obtained from the 
optimal power flow solution of the Queensland network. The benefits are calculated based on Eq.1. The 
benefit-to-cost ratio shows the potential of Cooper Basin project compared to others. Combinations of all 
projects which have higher than 0.5 benefit-to-cost ratios are contained by the CB project. A notable 
intimation of Table 3 is that the benefit is calculated in m$/yr where the cost is in m$. Also the OPF 
considers pick loading conditions that may exaggerate the market benefit [Hasan et al., 2012b].  
Table 3 Combination of projects and corresponding power injection, expected benefits and costs 
Coalition of projects Injected Power 
(MW) 
Expected 
Additional Benefits 
(m$/yr) 
Estimated 
Transmission 
Investment (m$) 
Benefit-to 
cost ratio 
Copper String - CS 85 -1823 1100 -1.65 
Cooper Basin - CB 1276 2140 2700 0.80 
Kennedy Wind Farm - KWF 0 351 800 0.40 
Papua New Guinea - PNG 708 1568 3200 0.50 
{CS, CB} 1365 1671 2800 0.60 
{CS, KWF} 169 523 1900 0.28 
{CS, PNG} 793 1390 4300 0.32 
{CB, KWF} 1364 2005 3500 0.57 
{CB, PNG} 1984 2717 5900 0.46 
{KWF, PNG} 793 1306 4000 0.33 
{CS, CB, KWF} 1451 2102 3600 0.58 
{CS, CB, PNG} 2064 2836 6600 0.42 
{CS, KWF, PNG} 793 1380 5100 0.27 
{CB, KWF, PNG} 2064 2693 6700 0.40 
{CS, CB, KWF, PNG} 2142 2766 7800 0.36 
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Conclusions 
There are potential geothermal resources in the Cooper Basin area to supply cheap, reliable and 
baseload power. The ultimate dispute is the remoteness of generation zone, which requires a long 
distance transmission corridor to transfer large amount of power. This research highlights the potential 
challenges of transferring geothermal power from Cooper Basin area to the existing Australian NEM 
network. Some of the regulatory and economic challenges have to be resolved by proactive regulatory 
decisions. Hub connection approach has been proposed in this research, which could be a way to 
connect remote generators efficiently. It has been noted that connection cost policy in the NEM is needed 
to be revised to enhance large scale geothermal generation development.  
The net market benefit framework has been implemented for the Queensland electricity network. It is 
observed that the investment in large scale renewable power projects will be highly rewarded in coming 
years. As the power demand increases and pollutant coal generators retire, market policy requires clean 
energy. Consequently, renewable generators are expected to obtain increasing market benefit. The 
location of the Cooper Basin geothermal is relatively closer to the load centre of South East Queensland, 
which facilitates higher power dispatch and more benefit-to-cost ratio. Also, the estimated investment in 
geothermal power will be well satisfied by the expected benefits. 
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